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Abstract of EP0865146 

Casting apparatus which include, in one 
embodiment, a pressure block (102) and 
compressible casting sleeve (104) are described. 
In the one embodiment, a substantially cylindrical 
bore (108) extends through the pressure block 
and compressible casting sleeve is positioned 
within the pressure block bore. The casting 
sleeve includes a bore sized to have a rotor core 
(84) positioned therein, and the casting sleeve is 
configured so that hydraulic forces between the 
pressure block and the sleeve cause the sleeve 
to be compressed, or squeezed, against the rotor 
core outer surface. Methods for casting rotor bars 
and end rings are also described. 
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(54) Methods and apparatus for casting rotor bars and end rings 



(57) Casting apparatus which include, in one em- 
bodiment, a pressure block (102) and compressible 
casting sleeve (104) are described. In the one embodi- 
ment, a substantially cylindrical bore (108) extends 
through the pressure block and compressible casting 
sleeve is positioned within the pressure block bore. The 
casting sleeve includes a bore sized to have a rotor core 
(84) positioned therein, and the casting sleeve is con- 
figured so that hydraulic forces between the pressure 
block and the sleeve cause the sleeve to be com- 
pressed, or squeezed, against the rotor core outer sur- 
face. Methods for casting rotor bars and end rings are 
also described. 
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Description 

This invention relates generally to dynamoelectric 
machines and, more particularly, to methods and appa- 
ratus for casting the rotor bars and end rings of a rotor. 

Dynamoelectric machines, such as known AC in- 
duction motors, typicaliy include a rotor core formed 
from a plurality of laminations. In one known configura- 
tion, each lamination is stamped from a steel sheet and 
has a plurality of spaced and radially arranged openings 
adjacent the lamination outer periphery. The lamina- 
tions are arranged in a stack on a locating pin, or are 
interlocked or welded together to form the rotor core. 

The above described rotor core has opposed sub- 
stantially planar end surfaces and a substantially cylin- 
drical, longitudinally extending body portion. The rotor 
core also has a rotor shaft bore and a plurality of rotor 
bar slots. The rotor bar slots sometimes are referred to 
as secondary conductor slots. Further details regarding 
fabrication of rotor cores are set forth in U.S. Patent No. 
4,400,872, which is assigned to the present assignee. 

Once the rotor core is assembled, rotor bars are 
cast in the slots and end rings are cast at the opposing 
ends of the core using, for example, an aluminum cast- 
ing process. The rotor bars typically extend through the 
slots and the end rings "short 0 the bars together at the 
ends of the rotor core. Such a rotor sometimes is re- 
ferred to in the art as a "squirrel cage" type rotor. 

To cast the rotor bars and end rings, it is known to 
utilize casting tooling which includes a die part having 
opposed ends and a cylindrical cavity extending there- 
through. The diameter of the cylindrical cavity in the die 
part is greater than the outer diameter of the rotor core 
so that the core may be easily located within the cavity. 
Water cooling ports and channels also are provided in 
the die part. 

First and second end ring tools are utilized in com- 
bination with the die part to integrally cast the rotor bars 
and end rings. Both end ring tools have inserts with cir- 
cular cross-sectional shapes. The diameter of the in- 
serts is less than the diameter of the die part cavity so 
that each insert may be at least partially positioned with- 
in one end of the cavity. The first tool also has molten 
aluminum ports and flow channels. The first and second 
end ring tools also have an end ring cavity and a plurality 
of fan pockets. Both end ring tools also have alignment 
pins sized to be inserted within respective ends of the 
rotor shaft bore of a rotor core. 

To cast the rotor bars and end rings with the above 
described casting tooling, a rotor core is located within 
the die part cavity so that the center axis of the rotor 
core shaft bore is substantially coaxial with the center 
axis of the cavity. Since the die part cavity has a diam- 
eter greater than the diameter of the rotor core, there is 
a clearance space between the rotor core and the die 
part. The first and second end ring tools are then insert- 
ed into respective ends of the die part cavity and 
pressed against the outer, substantially planer end sur- 



faces of the rotor core. When the rotor core and casting 
tooling are assembled as described above, the end ring 
cavities and fan pockets of both end ring tools and the 
rotor bar slots of the rotor core, are in flow communica- 
s tion with the molten aluminum ports and channels in the 
first tool. 

Molten aluminum is then injected, under high pres- 
sure, into the molten aluminum ports in the first tool. The 
molten aluminum flows through the ports, channels, fan 
10 pockets and end ring cavity of the first tool and into the 
rotor bar slots in the rotor core. The molten aluminum 
also flows from the rotor bar slots into the end ring cavity 
and fan pockets of the second tool. Once sufficient alu- 
minum has been injected into the tooling, the injected 
15 aluminum is allowed to cool and solidify. Cooling water 
injected into the water cooling ports and through the 
cooling channels in the die part facilitates increasing the 
aluminum cooling rate and prevents die surfaces from 
overheating. The aluminum solidified in the rotor slots 
20 of the rotor core forms the rotor bars, and the aluminum 
solidified in the end ring cavities and fan pockets of the 
first and second tools forms end rings and fan blades. 

The molten aluminum, in addition to flowing as de- 
scribed above, also typically flows into the spaces be- 
25 tween the die part and the outer surface of the rotor core 
body portion. As explained above, there typically is a 
clearance space between the outer surface of the cylin- 
drical rotor core body portion and the die part. Also, 
since the rotor laminations generally are not perfectly 
30 aligned, the outer surface of the rotor core body portion 
may not be perfectly smooth. Such slight lamination mis- 
alignments may result in additional spaces between the 
rotor core and the die part. 

The molten aluminum which flows in such spaces 
55 solidifies and adheres to the rotor core outer surface. 
Such solidified aluminum formed on the outer surface 
of the rotor core typically is referred to as "flash". Espe- 
cially with open slot rotor cores, a substantial amount of 
flash typically is formed. 
40 Further, when the molten aluminum is injected into 
a rotor core, the rotor core heats up and expands more 
rapidly than the die part. Such rotor core expansion and 
the aluminum flash cause the rotor core and die part to 
bind together. Therefore, once the aluminum cools and 
45 solidifies, and in order to remove the rotor core from the 
die part cavity, the rotor core generally must be ejected, 
e.g., by hydraulic pushers, from the die part cavity. 

As a result of the friction between the rotor core and 
the die part, ejecting the core from the block causes the 
50 die part surfaces wear Such wear creates additional 
spaces for molten aluminum to flow, and create flash, in 
subsequent injection processes. The die part typically 
is replaced once the amount of flash formed using such 
die part becomes unacceptable/ 
55 After ejecting the rotor core from the die part, flash 
generally is removed from the rotor surfaces by machin- 
ing or utilizing a brushing operation. For example, a 
lathe or a steel brush is used to remove the flash. Such 
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machining or brushing adds another set of process step 
to the rotor fabrication process and causes imperfec- 
tions in the rotor. As the die part wears, the flash may 
become heavier and more difficult to remove from the 
rotor. 

With the known tooling described above, reducing 
the amount of flash is achieved by providing a tight fit 
between the rotor core and the die part. Such a tight fit 
increases the difficulty in removing the rotor core from 
the die part and results in increased wear of the die part. 
To ease the difficulty in removing the core from the die 
part, more clearance space can be provided between 
the core and die part. Such extra clearance space, of 
course, increases flash. 

An object of the present invention is to reduce, if not 
eliminate, flash formed on the outer surface of the rotor 
during the rotor bar and end ring casting operation, es- 
pecially for open slot rotors. 

Another object of the present invention is to reduce 
casting tool wear. 

Still another object of the present invention is to re- 
duce the time required to perform the rotor bar and end 
ring casting operation. 

An additional object of the present invention is to 
substantially eliminate the rotor machining and brushing 
operations for removing flash formed on the rotor. 

These and other objects may be attained by casting 
apparatus, or tooling, which include, in one embodi- 
ment, a compressible casting sleeve configured to be 
located in a pressure block bore and compressed, or 
deformed, into a tight fit with a rotor core to substantially 
eliminate the flow of molten aluminum to the outer sur- 
face of the rotor core and prevent the formation of flash 
on the core during a rotor bar and end ring casting op- 
eration. Particularly, in one embodiment, a substantially 
cylindrical bore extends through the pressure block, and 
the bore has two end portions and an intermediate por- 
tion extending between the end portions. The bore in- 
termediate portion has a diameter greater than the di- 
ameter of the bore end portions. A hydraulic port and 
channel are located in the pressure block, and the chan- 
nel extends from the port to an opening which opens 
into the cylindrical bore at a location in the bore inter- 
mediate portion. 

The compressible casting sleeve has a substantial- 
ly cylindrical shape and forms a casting sleeve bore. The 
compressible sleeve also has two opposing end por- 
tions and an intermediate portion extending between the 
end portions. Each end portion has an outer diameter 
greater than the outer diameter of the sleeve intermedi- 
ate portion. The casting sleeve is removably positioned 
within the cylindrical bore of the pressure block. The 
casting sleeve is sometimes referred to herein as a rotor 
sleeve. 

The casting apparatus also includes first and sec- 
ond end ring tools. Insert portions of the end ring tools 
have a circular cross-sectional shape with a diameter 
slightly less than the diameter of the casting sleeve bore. 



A substantially planar surface of each insert portion may 
be tightly pressed against the substantially planer end 
surfaces of the rotor core. Each tool further includes an 
end ring cavity and fan pockets. The first tool also has 
s molten aluminum ports and channels. 

In one exemplary process for casting rotor bars and 
end rings with the above described casting apparatus, 
a rotor core is positioned within the casting sleeve bore 
so that the center axis of the rotor core is substantially 

io coaxial with the center axis of the sleeve bore. The re- 
spective insert portions of the end ring tools are then 
inserted into the opposing, respective ends of the cast- 
ing sleeve bore. The substantially planer end surface of 
each insert portion is tightly pressed against the respec- 

15 tive substantially planer end surfaces of the rotor core. 
Hydraulic fluid is then pumped, under high pres- 
sure, through the hydraulic port in the pressure block 
and the hydraulic fluid flows through the hydraulic chan- 
nel in the pressure block to the opening which opens 

20 into the cylindrical bore. The hydraulic fluid then flows 
into the pressure block bore between the pressure block 
bore intermediate portion and the intermediate portion 
of the casting sleeve. The high pressure of the hydraulic 
fluid causes the inner surface of the compressible 

25 sleeve intermediate portion to be compressed, or de- 
formed, against the substantially cylindrical outer sur- 
face of the rotor core body portion and against the insert 
portions of the end ring tools. Any spaces initially be- 
tween the casting sleeve and the rotor core and insert 

30 portions are substantially eliminated after the casting 
sleeve intermediate portion is compressed. 

Molten aluminum is then injected, under high pres- 
sure, into the molten aluminum ports in the first tool. The 
molten aluminum flows through the ports and channels, 

35 and through the fan pockets and end ring cavity, of the 
first tool. The molten aluminum then flows through the 
rotor bar slots in the rotor core and into the end ring cav- 
ity and fan pockets of the second tool. The intermediate 
portion of the casting sleeve is compressed against the 

40 rotor core and insert portions by hydraulic forces during 
such injection, and as a result, very little, if any, molten 
aluminum flows between the casting sleeve and rotor 
core. Therefore, very little, if any, flash is formed. This 
result is significant, particularly with respect to open slot 

45 rotors. 

Once the injected aluminum sufficiently cools and 
solidifies, the hydraulic pressure is removed so that the 
casting sleeve "relaxes" and a clearance space is cre- 
ated between the casting sleeve and the rotor core and 
so insert portions. The end ring tools are then withdrawn 
from the casting sleeve bore, and since very little, if any, 
flash is formed, the rotor core is easily ejected from the 
sleeve bore. 

By substantially, if not entirely, eliminating flash, 
55 there may be no need to machine or brush each rotor 
subsequent to the above described casting process to 
remove flash. Substantially eliminating the machining 
and brushing process facilitates reducing rotor core fab- 



55 



3 



5 



EP 0 865 146 A1 



6 



rication cycle time. In addition, ejecting the rotor core 
from the casting sleeve bore typically may be done with- 
out requiring excessive force, thereby facilitating re- 
duced tool wear and extended tool life. The above de- 
scribed casting apparatus therefore enables both reduc- s 
tion of flash and reduction of tool wear. 

An embodiment of the invention will now be de- 
scribed by way of example, with reference to the accom- 
panying drawings, in which: 

Figure 1 is a top plan view of a rotor lamination. w 

Figure 2 is a perspective view of a rotor core. 

Figure 3 illustrates a prior art casting tool. 

Figure 4 illustrates a partial cross-sectional casting 
apparatus including a compressible casting sleeve. 

Figure 5A is a top view of the pressure block shown is 
in Figure 4, and Figure 5B is a side view of the pressure 
block. 

Figure 6A is a top view of the compressible casting 
sleeve shown in Figure 4, and Figure 6B is a side view 
of the compressible casting sleeve. 20 

Figure 1 is a top view of a rotor lamination 10. Lam- 
ination 10 is stamped from a sheet of steel (not shown) 
and has a generally circular shape. Lamination 10 in- 
cludes a central rotor shaft opening 1 2 and a plurality of 
spaced and radially arranged openings 14 adjacent an 2s 
outer periphery 16 of lamination 10. 

Figure 2 is a perspective view of a rotor core 20 
formed by stacking a plurality of laminations 10 to a 
height of, for example, between one to six inches. Each 
rotor shaft opening 1 2 of each lamination 1 0 is coaxially 30 
aligned with all other rotor shaft openings 1 2 of all other 
laminations 1 0 of core 20 to form rotor shaft bore 22. 
Radially arranged openings 14 of each lamination 10 
are aligned, but are slightly skewed, to form rotor bar 
slots 24. Laminations 10 are stacked on a pin, inter- 35 
locked, or welded to form rotor core 20. 

Rotor core 20 has opposed, substantially planar 
end surfaces 26 and 28. Core 20 also has a substantially 
cylindrical, longitudinally extending body portion 30. 
Since laminations 10 are not necessarily perfectly 40 
aligned, the outer surface of body portion 30 is not per- 
fectly smooth. 

Rotor core 20 is a "closed slot" type rotor core be- 
cause slots 24 are not open at outer periphery 1 6 of lam- 
inations 10. For an "open slot" type rotor core, slots 24 45 
would be open at outer periphery 16 of laminations 10. 

Figure 3 illustrates prior art casting tooling 50 that 
has been utilized to cast rotor bars and end rings for 
both "closed slot" and "open slot" type rotors. Casting 
tooling 50 includes a die part 52 having two ends 54A so 
and 54B and a cylindrical cavity 56 extending there- 
through. Diameter D1 of cylindrical cavity 56 in die part 
52 is greater than an outer diameter of rotor cores to be 
processed by tooling 50 so that a rotor core may be eas- 
ily located within cavity 56. A water cooling port 58 and ss 
channel (not shown) also are provided in die part 52. 

Casting tooling 50 also includes removable first and 
second casting dies 60 and 62, sometimes referred to 



as end ring tools or cavity tooling. Tools 60 and 62 have 
inserts 64 and 66, respectively, which have circular 
cross-sectional shapes. Diameter D2 of tools 60 and 62 
is less than diameter D1 of die part cavity 56 so that 
each insert 64 and 66 is at least partially positioned with- 
in cavity 56. First tool 60 has molten aluminum ports 68 A 
and 68 B and flow channels 70 A and 70 B, respectively. 
When first tool 60 is properly positioned within die part 
cavity 56, flow channels 70A and 70B are in flow com- 
munication with cylindrical cavity 56 of die part 52. 

End ring tools 60 and 62 also have end ring cavities 
72 and 74, respectively, and fan pockets 76 and 78, re- 
spectively. End ring cavities 72 and 74 and fan pockets 
76 and 78 also are in flow communication with cylindrical 
cavity 56 of die part 52. Tools 60 and 62 have alignment 
pins 80 and 82, respectively, sized to be inserted within 
respective ends of a rotor shaft bore of a rotor core po- 
sitioned within cavity 56. Tools 60 and 62 may also have 
water ports and cooling channels (not shown). 

To cast rotor bars and end rings with casting tooling 
50, a rotor core 84 is located within cavity 56 of die part 
52 so that the center axis of a rotor shaft bore 86 is sub- 
stantially coaxial with the center axis of cavity 56. Al- 
though tooling 50 is illustrated in Figure 3 in a generally 
vertical orientation, tooling 50 could be positioned in a 
generally horizontal orientation. Rotor core 84 has a plu- 
rality of slots 88 and is an "open slot" type rotor core in 
that slots 88 are open at an outer periphery 90 of core 
84. 

Rotor core 84 has a diameter D3 which is less than 
diameter D1 of cylindrical cavity 56. Since diameter D1 
of cavity 56 is greater than diameter D3 of rotor core 84, 
there is a clearance space 92 between rotor core 84 and 
block 52. Although clearance space 92 is required to en- 
able insertion of core 84 within cavity 56, such clearance 
space 92 is troublesome with respect to the formation 
of flash as described below. 

With rotor core 84 positioned within cylindrical cav- 
ity 56, inserts 64 and 66 of tools 60 and 62, respectively, 
are inserted into cavity 56 at respective ends 54A and 
54B of die part 52. Substantially planar surfaces 94 and 
96 of inserts 64 and 66 are pressed against outer, sub- 
stantially planer end surfaces 98 and 100 of rotor core 
84. End ring cavities 72 and 74 and fan pockets 76 and 
78 of tools 60 and 62, and rotor bar slots 88 of rotor core 
84, are in flow communication with molten aluminum 
ports 68A and 68B and channels 70A and 70B in first 
tool 60. 

To cast the rotor bars, end rings and fans, molten 
aluminum is injected, under high pressure, into molten 
aluminum ports 68A and 68B in first tool 60. Molten alu- 
minum flows through ports 68A and 68B, channels 70A 
and 70B, fan pockets 76 and end ring cavity 72 of first 
tool 60 and into rotor bar slots 88 in rotor core 84. The 
molten aluminum also flows from rotor bar slots 88 into 
end ring cavity 74 and fan pockets 78 of second tool 62. 

Once sufficient aluminum has been injected into 
tooling 50, the injected aluminum is allowed to cool and 
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solidify. Cooling water is injected into water cooling port 
58 and through the cooling channel in die part 52 to fa- 
cilitate increasing the cooling rate of the molten alumi- 
num. Cooling water may also flow through cooling chan- 
nels in tools 60 and 62. The aluminum solidified in rotor 
slots 88 of rotor core 84 forms the rotor bars. The alu- 
minum solidified in end ring cavities 72 and 74 and fan 
pockets 76 and 78 of tools 60 and 62 form respective 
end rings and fan blades. 

The molten aluminum, in addition to flowing as de- 
scribed above, also flows into clearance space 92 be- 
tween die part 52 and rotor core outer surface 90. Such 
aluminum then solidifies and as previously explained is 
referred to as flash. Particularly with open slot type rotor 
84, a substantial amount of flash may be created. 

Further, when the molten aluminum is injected into 
rotor core 84, rotor core 84 heats up and expands more 
rapidly than die part 52. Such rotor core expansion and 
the aluminum flash cause rotor core 84 and die part 52 
to bind together. Therefore, once the aluminum cools 
and solidifies, and in order to remove rotor core 52 from 
die part cavity 56, rotor core 84 generally must be 
forced, e.g., by hydraulic pushers, from cavity 56. As a 
result, die part surfaces wear and additional spaces for 
molten aluminum to flow in subsequent injection proc- 
esses are created. Eventually, die part 52 is replaced if 
the amount of flash formed using block 52 becomes un- 
acceptable. 

One embodiment of a casting apparatus 1 00 which 
may facilitate substantially reducing, if not eliminating, 
flash on both open and closed slot type rotors is shown 
in Figure 4. Apparatus 100 includes a pressure block 
1 02 and a compressible, or deformable, casting sleeve 
1 04. Sleeve 1 04 is sometimes referred to herein as rotor 
sleeve 104 and is shown in an uncompressed state in 
Figure 4. Pressure block 102 has first and second ends 
1 06 A and 1 06B and a substantially cylindrical bore 1 08 
therethrough. Bore 108 has two end portions 11 OA and 
11 0B and an intermediate portion 112 extending be- 
tween end portions 11 OA and 11 0B. Bore intermediate 
portion 1 1 2 has a diameter greater than the diameter of 
bore end portions 11 OA and 11 0B. 

As best shown in Figures 5A and 5B, which are top 
and side views, respectively, of pressure block 102, a 
hydraulic port 114 and channel 116 are formed in pres- 
sure block 102. Channel 116 extends from port 114 to 
an opening 118 which opens into cylindrical bore 108 at 
bore intermediate portion 112. 

To facilitate maintaining sleeve 1 04 within bore 1 08, 
first and second bolt openings 120A and 120B are 
formed in pressure block 102. Bolt openings 120A and 
120B are tapered and sized to receive safety bolts (not 
shown) which extend to bore intermediate portion 112 
and contact sleeve 104 to facilitate securing sleeve 1 04 
within bore 108. Rail bores 122 and 124 include respec- 
tive end portions 126A, 126B and 128A, 128B and in- 
termediate portions 1 30A, 1 30B. Bores 1 22 and 1 24 are 
provided so that pressure block 1 02 may be mounted in 



a generally horizontal orientation on slide rails (not 
shown) of a die casting machine. Alternatively, block 
102 may be mounted in a generally vertical orientation. 
Referring now to Figures 6A and 6B, which are top 
s and side views, respectively, of compressible sleeve 
104, sleeve 104 has two end portions 132A and 132B 
and an intermediate portion 1 34 extending between end 
portions 132A and 132B. Each end portion 132A and 
1 32B has an outer diameter D10 greater than outer di- 

10 ameter D11 of sleeve intermediate portion 1 34. Sleeve 
104 has a bore 136 with tapered opposing ends 138A 
and 1 38B. Tapers 1 38A and 1 38B are provided to facil- 
itate inserting and ejecting a rotor core within sleeve 
bore 136. Each sleeve end portion 132A and 132B in- 

15 eludes an o-ring groove 140A and 140B. 

Referring again to Figure 4, rotor sleeve 104 is re- 
movably positioned within pressure block bore 108 so 
that the central axis of sleeve bore 136 is substantially 
coaxial with the central axis of pressure block bore 108. 

20 O-rings 1 42A and 1 42B are shown as being positioned 
within o-ring grooves 140A and 140B, respectively, of 
rotor sleeve 104. Intermediate portion 1 34 of sleeve 1 04 
and intermediate portion 112 of pressure block 102 de- 
fine a fluid chamber 144. O-rings 142A and 142B sub- 

25 stantially form fluid seals, with the surface of pressure 
block 102, to substantially prevent fluid from escaping 
out ends 1 1 0A and 1 1 0B of bore 1 08. Back-up rings (not 
shown) may be positioned in grooves 140A and 140B 
adjacent o-rings 1 42A and 1 42B to facilitate maintaining 

30 o-rings 1 42A and 1 42B in grooves 1 40A and 1 40B. 

Although not shown in Figure 4, it is contemplated 
that a cooling tube, forming a component of a closed 
loop cooling system, could extend into fluid chamber 
144. In this configuration, each end of the cooling tube 

35 is in flow communication with cooling fluid channels (not 
shown) formed in pressure block 102. The cooling fluid 
channels are in flow communication with an external 
heat exchanger (not shown). Such a closed loop cooling 
system may facilitate increasing the cooling rate for in- 

40 jected molten aluminum. 

As shown in Figure 4, casting apparatus 100 also 
includes removable first and second end ring tools 60 
and 62. Insert portions 64 and 66 of tools 60 and 62 have 
a diameter D2 slightly less than inner diameter D12 of 

45 casting sleeve bore 1 36. Tools 60 and 62 shown in Fig- 
ure 4 are similar to tools 60 and 62 shown in Figure 3, 
except that as shown in Figure 4, alignment pins 80 and 
82 are eliminated. Such alignment pins are unnecessary 
in apparatus 100 since hydraulic forces, as described 

50 below, result in axially centering the core in sleeve 104. 
Of course, alignment pins could be used if desired. 

In one form of operation, and in one particular proc- 
ess for casting rotor bars and end rings, rotor core 84 is 
positioned within casting sleeve bore 1 36 so that the 

55 center axis of rotor core 84 is substantially coaxial with 
the center axis of sleeve bore 136. Insert portions 94 
and 96 of tools 60 and 62 are then inserted into oppos- 
ing, respective ends of casting sleeve bore 136. Sub- 
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stantially planer end surfaces 94 and 96 of each insert 
portion 64 and 66 are tightly pressed against the respec- 
tive substantially planer end surfaces 98 and 1 00 of rotor 
core 84. 

Hydraulic fluid is then pumped, under high pres- 
sure, e.g., 5000 psi, through hydraulic port 114 in pres- 
sure block 102 and the hydraulic fluid flows through hy- 
draulic channel 116 to opening 118. The hydraulic fluid 
then flows into fluid chamber 144 and the high pressure 
of the hydraulic fluid causes casting sleeve intermediate 
portion 1 34 to be compressed, or deformed, against ro- 
tor core 84 and insert portions 64 and 66. As a result, 
any spaces initially between rotor sleeve 104, rotor core 
84, and insert portions 64 and 66 are substantially elim- 
inated. Also, if the rotor core is an open slot type rotor 
core, casting sleeve 104 will substantially blocks the 
flow paths at the open ends of the slots 88. 

Molten aluminum is then injected, under high pres- 
sure, into molten aluminum ports 68A and 68B in first 
tool 60. The molten aluminum flows through ports 68A 
and 68B and channels 70A and 70B of first tool 60 and 
through fan pockets 76 and end ring cavity 72. The mol- 
ten aluminum also flows through rotor bar slots 88 in 
rotor core 84 and into end ring cavity 74 and fan pockets 
78 of second tool 62. 

Since casting sleeve intermediate portion 134 is 
compressed, or squeezed, against the rotor core, very 
few, if any, spaces are between the rotor core and rotor 
sleeve 1 04 as the molten aluminum is injected into ap- 
paratus 1 00. Therefore, very little, if any, aluminum flows 
between core 84 and sleeve 104. As a result, very little, 
if any, flash is formed. 

Once the injected aluminum sufficiently cools and 
solidifies, the hydraulic pressure is removed so that rotor 
sleeve 104 "relaxes 0 and is not pressed against rotor 
core 84 and insert portions 64 and 66. When rotor sleeve 
1 04 relaxes, inserts 64 and 66 are removed from casting 
sleeve bore 1 36, and since very little, if any, flash is 
formed, the rotor core is easily ejected from bore 1 36. 

Substantially, if not entirely, eliminating flash advan- 
tageously also substantially eliminates subsequent ro- 
tor brushing or machining operations, which facilitates 
reducing rotor core fabrication cycle time. In addition, by 
ejecting the rotor core from rotor sleeve 1 04 without re- 
quiring excessive force, sleeve wear and maintenance 
requirements are believed to be reduced as compared 
to the wear and maintenance required with die part 52 
(Figure 3). 

Further, a perhaps unexpected and surprising result 
may be obtained in that since casting sleeve intermedi- 
ate portion 1 34 is compressed against the rotor core by 
the hydraulic fluid, good thermal heat transfer is provid- 
ed from rotor core 84 to rotor sleeve 104. Such heat is 
transferred to the hydraulic fluid in fluid chamber 144, 
and by placing a closed loop cooling tube within fluid 
chamber 1 44 to cool the hydraulic fluid, such heat trans- 
fer facilitates reducing the time required for the alumi- 
num to solidify thereby possibly even further reducing 



the rotor fabrication time. Moreover, a faster cooling time 
for the aluminum may reduce aluminum-to-lamination 
"sticking", which is desirable. 

various rotor sleeves 104 could be manufactured 
5 for use with a particular pressure block 102, and such 
sleeves 1 04 could be manufactured to have different di- 
ameter bores depending on the diameter of the various 
rotor cores to be processed by apparatus 100. Also, 
sleeve 104 may be fabricated from a metal, such as 
io steel, so that sleeve intermediate portion 134 may be 
compressed, e.g., by 5 to 10 mils. Pressure block 102 
and first and second tools 60 and 62 also may be fabri- 
cated from high strength steel such as Inconel 718. 
Maintaining a plurality of different casting, or rotor, 
?5 sleeves having different diameter bores is believed to 
be much easier and inexpensive than maintaining a plu- 
rality of known prior art die parts having different diam- 
eter cavities. Further, since flash may be substantially 
eliminated using such casting sleeves, the useful life of 
20 such casting sleeves also is believed to be longer than 
the useful life of such die parts. 

From the preceding description, it is evident that the 
objects of the invention are attained. Although embodi- 
ments if the invention have been described and illustrat- 
es ed in detail, it is to be clearly understood that the same 
is intended by way of illustration and example only and 
is not to be taken by way of limitation. For example, the 
hydraulic fluid could be circulated, under pressure, 
through an external heat exchanger. Such circulation 
so may facilitate carrying heat away even faster from the 
rotor core and rotor sleeve and may even further reduce 
the time required for the aluminum to cool. 



35 Claims 

1. Casting apparatus for casting rotor bars and end 
rings of a rotor for an electric motor, said casting 
apparatus comprising: 

40 

a pressure block having a bore therein; 
a compressible rotor sleeve positioned within 
said pressure block bore, at least a portion of 
said sleeve being compressed when subjected 
45 to a predetermined pressure applied to an outer 

surface thereof; 

at least one hydraulic fluid port located in said 
pressure block bore; and 
a hydraulic fluid channel located in said pres- 
50 sure block through which pressurized fluid ap- 

plied to said fluid port can be delivered to said 
rotor sleeve outer surface. 

2. Casting apparatus in accordance with Claim 1 
55 wherein said rotor sleeve comprises first and sec- 
ond end portions and an intermediate portion ex- 
tending between said end portions, and wherein 
said first and second end portions of said sleeve 
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each includes a groove formed in and extending 
around an outer periphery of said end portion, and 
said sleeve further comprises an o-ring positioned 
within each of said grooves. 

3. Casting apparatus in accordance with Claim 2 
wherein a back-up ring is positioned within each of 
said grooves, and said o-rings substantially form 
hydraulic fluid seals with, and between, said pres- 
sure block and said rotor sleeve. 

4. Casting apparatus in accordance with Claim 1 
wherein a bore extends through said rotor sleeve 
and wherein said casting apparatus further com- 
prises a first end ring tool comprising a first insert 
portion configured for being at least partially insert- 
ed within a first end of said rotor sleeve bore, at least 
one port located in said first tool and an aluminum 
flow channel located in said first tool through which 
molten aluminum applied at said first tool port can 
be delivered to a rotor core positioned in said rotor 
sleeve. 

5. Casting apparatus in accordance with Claim 4 
wherein said first tool further comprises a first end 
ring cavity and at least a first fan pocket. 

6. Casting apparatus in accordance with Claim 5 
wherein said first end ring cavity and said first fan 
pocket of said first tool are in flow communication. 

7. Casting apparatus in accordance with Claim 4 
wherein said first insert portion has a diameter that 
is substantially equal to the diameter of a first end 
surface of a rotor core, and wherein said first insert 
portion includes a first surface configured to be 
pressed against the first end surface of the rotor 
core. 

8. Casting apparatus in accordance with Claim 4 fur- 
ther comprising a second end ring tool comprising 
a second insert portion configured for being at least 
partially inserted within a second end of said rotor 
sleeve bore, said second insert portion having a di- 
ameter that is substantially equal to the diameter of 
a second end surface of the rotor core, said second 
insert portion further having a second surface con- 
figured to be pressed against the second end sur- 
face of the rotor core, said second tool further com- 
prising a second end ring cavity and at least a sec- 
ond fan pocket, said second end ring cavity and said 
second fan pocket being in flow communication. 

9. Casting apparatus in accordance with Claim 1 
wherein said pressure block further comprises at 
least one cooling water port and a cooling water 
channel in flow communication with said cooling 
water port. 



10. Casting apparatus in accordance with Claim 1 fur- 
ther comprising a heat exchanger coupled to said 
hydraulic fluid port. 

5 11. Casting apparatus in accordance with Claim 1 
wherein said pressure block bore is substantially 
cylindrical and has opposing end portions and an 
intermediate portion extending between said end 
portions, said pressure block bore intermediate por- 

10 tion having a diameter greater than the diameter of 
said pressure block bore end portions. 

12. Casting apparatus in accordance with Claim 11 
wherein said rotor sleeve and said pressure block 

is form a fluid channel. 

13. Apparatus in accordance with Claim 12 wherein 
said rotor sleeve further comprises first and second 
end portions and an intermediate portion extending 

20 between said end portions, said rotor sleeve further 
comprising a bore sized to have at least a portion 
of the rotor core positioned therein, said sleeve end 
portions having an outer diameter greater than the 
outer diameter of said sleeve intermediate portion, 

25 and said fluid channel being formed, at least in part, 
by said sleeve intermediate portion and said pres- 
sure block bore intermediate portion. 

14. A casting sleeve for use in casting rotor bars and 
30 end rings for a rotor core, said casting sleeve com- 
prising first and second end portions and an inter- 
mediate portion extending between said end por- 
tions, said casting sleeve further comprising a cast- 
ing sleeve bore sized to have at least a portion of 

35 the rotor core positioned therein. 

15. A casting sleeve in accordance with Claim 14 
wherein said first and second sleeve end portions 
include a groove formed in and extending around 

40 an outer periphery of said end portion, and said 
casting sleeve further comprises an o-ring posi- 
tioned within each of said grooves. 

16. A casting sleeve in accordance with Claim 14 
45 wherein said sleeve end portions have an outer di- 
ameter greater than the outer diameter of said 
sleeve intermediate portion. 

17. A casting sleeve in accordance with Claim 16 
50 wherein said casting sleeve is constructed of a ma- 
terial which is sufficiently elastic so that at least a 
portion of said sleeve intermediate portion may be 
compressed against at least a portion of the rotor 
core. 

55 

18. A casting sleeve in accordance with Claim 14 
wherein said sleeve is sized to be positioned within 
a cylindrical bore of a pressure block, the pressure 



50 



7 



13 

block having first and second ends and a hydraulic 
fluid port in an outer surface thereof, the pressure 
block further having a hydraulic fluid channel ex- 
tending through the pressure block from the hydrau- 
lic fluid port to an opening in a surface of the pres- 
sure block at the cylindrical bore. 

19. A casting sleeve in accordance with Claim 18 
wherein said end portions of said casting sleeve 
have an outer diameter greater than the outer diam- 
eter of said sleeve intermediate portion and said 
first and second end portions of said casting sleeve 
include a groove formed in and extending around 
an outer periphery of said sleeve end portion, said 
casting sleeve further comprising an o-ring posi- 
tioned within each of said grooves, and said o-rings 
substantially form hydraulic fluid seals with, and be- 
tween, the pressure block and said casting sleeve. 

20. A method for forming rotor bars and end rings for a 
rotor core using an apparatus including a pressure 
block comprising first and second ends and a sub- 
stantially cylindrical bore extending therethrough, 
the apparatus further including a sleeve positioned 
within the cylindrical bore of the pressure block, the 
sleeve having a bore sized to have at least a portion 
of the rotor core positioned therein, the apparatus 
further including first and second end ring tools hav- 
ing first and second insert portions sized to at least 
be partially inserted into the sleeve bore, said meth- 
od comprising the steps of: 

positioning a rotor core within the casting 
sleeve bore; 

pressing surfaces of the first and second insert 
portions against substantially planar end sur- 
faces of the rotor core; and 
compressing at least a portion of the sleeve 
against at least a portion of the rotor core outer 
surface. 

21. A method in accordance with Claim 20 wherein a 
fluid channel is formed between at least a portion 
of the sleeve and a portion of the pressure block, 
and compressing at least a portion of the sleeve 
against at least a portion of the rotor core outer sur- 
face comprises the step of forcing fluid under pres- 
sure into the fluid channel. 

22. A method in accordance with Claim 20 wherein the 
first end ring tool has at least one molten aluminum 
port and channel therein, and said method further 
comprises the steps of: 

injecting molten aluminum in the molten alumi- 
num port and channel of the first tool; 
allowing the aluminum to cool and substantially 
solidify; 
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substantially decompressing the compressed 
portion of sleeve so that the sleeve is not com- 
pressed against the portion of the rotor core 
outer surface; 

s removing at least one of the insert portions from 

within the sleeve bore; and 
ejecting the rotor core from the sleeve bore. 

23. Apparatus for use in casting rotor bars and end 
10 rings for a rotor core, said apparatus comprising a 

sleeve comprising a bore sized to have at feast a 
portion of the rotor core positioned therein, said 
sleeve configured to have at least a portion of said 
sleeve compressed against at least a portion of the 
*5 rotor core outer surface. 

24. Apparatus in accordance with Claim 23 further com- 
prising a pressure block comprising first and second 
ends and a substantially cylindrical bore extending 

20 therethrough, the cylindrical bore sized to have said 
.. sleeve substantially located.therein, a hydraulic flu- 
id port formed in an outer surface of said pressure 
block, a hydraulic fluid channel extending through 
said pressure block from said hydraulic fluid port to 

25 an opening in a surface of said pressure block at 
the cylindrical bore. 

25. Apparatus in accordance with Claim 24 wherein 
said sleeve comprises first and second end portions 

30 and an intermediate portion extending between 
said end portions, and wherein said first and second 
end portions of said sleeve include a groove formed 
in and extending around an outer periphery of said 
end portion, and said sleeve further comprises an 

35 o-ring positioned within each of said grooves. 

26. Apparatus in accordance with Claim 25 wherein a 
back-up ring is positioned within each of said 
grooves, and said o-rings substantially form hy- 

40 draulic fluid seals with, and between, said pressure 
block and said sleeve. 

27. Apparatus in accordance with Claim 25 further com- 
prising a first end ring tool including a first insert por- 

45 tion configured for being at least partially inserted 
within a first end of said sleeve bore, said first tool 
further comprising at least one port in an outer sur- 
face thereof and an aluminum flow channel extend- 
ing from said port and at least partially through said 

so first tool. 

28. Apparatus in accordance with Claim 27 wherein 
said first tool further comprises a first end ring cavity 
and at least a first fan pocket. 

55 

29. Apparatus in accordance with Claim 28 wherein 
said first end ring cavity and said first fan pocket of 
said first tool are in flow communication. 
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30. An apparatus in accordance with Claim 24 further 
comprising a second tool comprising a second in- 
sert portion configured for being at least partially in- 
serted within a second end of said sleeve bore, said 
second insert portion having a diameter that is sub- s 
stantially equal to the diameter of a second end sur- 
face of the rotor core, said second insert portion fur- 
ther having a second surface configured to be 
pressed against the second end surface of the rotor 
core, said second tool further comprising a second io 
end ring cavity and at least a second fan pocket, 
said second end ring cavity and said second fan 
pocket being in flow communication. 

15 
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